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Abstract

Despite progress in the management of assessed fish populations, many countries lag
behind international commitments to restore overexploited stocks to healthy abun-
dances. Here we use a mixed-methods positive deviance approach, also known as

‘bright spot’ analysis, to understand what drives the successful governance of ex-
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ploited species by learning from positive outliers, or ‘deviants’. We use Canada as a

case study, identifying factors driving the abundance of 230 commercially exploited
4. .

U?S;)f:i'tze::l:;;%r:;?:g]cﬁis;czmada fish and invertebrate populations, of which only 28% were classified at healthy
abundance in 2022. We first applied a generalized linear model to test how diverse
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socio-ecological fishery attributes relate to stock health. We found healthier stocks
are positively and significantly correlated with certain management regions, more se-
lective gears, eco-certification, and high fishery value. Counterintuitively, healthier

stocks were also associated with high inherent fishing vulnerability and the absence of
Funding information

Liber Ero Foundation reference points. We then used fishery expert surveys and interviews to investigate

the social and institutional characteristics of stocks healthier than expected, given
their circumstances. We found that fisheries targeting these positive outliers have
lower conflict among users, balanced stakeholder involvement in data collection and
decision-making, and improved accounting of mortality sources. Lessons from these
positive deviants can be applied to improve underperforming management systems
that are struggling to reverse overexploitation in Canada and elsewhere. More gener-
ally, we suggest that a positive deviance approach, already used in public health, could
be a promising tool to learn about successful fisheries management interventions, and

the diverse actors responsible for ensuring these interventions are successful.
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1 | INTRODUCTION and cultures (Crona et al., 2023; Tigchelaar et al., 2022). Indeed,
ending overfishing is a prerequisite for over half of Sustainable
Development Goal (SDG) targets connected to SDG 14: Life Below

Water (Singh et al., 2018), and equitable access to marine resources

Global seafood consumption has risen steadily since the 1950s
(FAQ, 2022), and ‘blue foods’' - marine life from both capture fish-

eries and aquaculture - are considered important for meeting the is considered a necessity for a viable blue economy (Cisneros-

nutritional needs and dietary preferences of communities, countries, Montemayor et al., 2021). Recent estimates suggest 52%-57% of
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the world's scientifically assessed fish stocks are currently at bio-
logically sustainable levels of abundance (i.e., B> BMSY), with a wide
range of outcomes within and across regions (Britten et al., 2021;
Hilborn et al., 2020).

Here we focus on Canada, a resource-rich country with the
world's longest coastline and seventh largest exclusive economic
zone (EEZ). Commercial fishers in Canada currently land ~720,000
mt of seafood annually (Figure 1a) yet Schijns and Rangeley (2022)
report that only 29% of all stocks in Canada are at ‘healthy’ lev-
els of abundance (i.e., B 20.8B,s,; see Table S1 for definitions of
stock health relevant to this study). Concerningly, 17% of stocks are
in the critical zone (i.e., B <0.4B,,,), and the status of 42% of all
stocks is uncertain due to insufficient data collection and monitoring
(Figure 1b). These statistics are surprising since Canada has a com-
paratively well-funded science and management sector that should
produce better outcomes. Indeed, strong fisheries management is
considered a touchstone for many high-income maritime nations
(Hilborn & Ovando, 2014), and countries such as New Zealand, the
U.S.A., and Australia have all implemented tightly regulated harvest
strategies for their fisheries, which have guided successful rebuild-

ing of many depleted stocks in recent decades (Hilborn et al., 2020).

1.1 | Challenges facing Canadian fisheries

The collapse of Canada's northern Atlantic cod (Gadus morhua,
Gadidae) stock in the 1990s became a global icon for overfish-
ing, as well as the economic and societal costs of mismanagement
(Hutchings & Myers, 1994). Nearly three decades later, significant
barriers persist in the ability of Canada's fisheries management
agency (Fisheries and Oceans Canada; DFO) to implement precau-
tionary science-based harvest strategies for many stocks (Archibald
et al., 2021a; Hutchings et al., 2019) and rebuild those that are
now depleted (Levesque et al., 2021). This implementation gap
has been attributed to the overarching conflict of DFO's dual man-
date to support economic growth and conserve the environment
(Hutchings, 2022). Other perceived barriers include an opaque and
slow policy process (Archibald et al., 2021b) and the discretionary
power granted to the Fisheries Minister, which includes a unliteral
decision-making capacity that can supersede advice provided by
DFO scientists to set catch limits (Hutchings et al., 2019).
Furthermore, conflict over fishery access between Indigenous
and non-Indigenous fishers, as well as inshore and offshore fleets,
has been prevalent in Canadian fisheries for decades (Bilefsky, 2020;
Charles, 1992; Mitchell et al., 1984). Facing these intersectional chal-
lenges - and the relatively weak state of the country's fish stocks
- the Canadian government committed to managing all marine life
sustainably by 2025 (DFO, 2020). This commitment is in keeping
with the country's recently revised Fisheries Act, which formalizes
the need for harvest strategies as part of a precautionary approach
to management, as well as additional regulations implemented in
2022 (SOR/2022-73). The Fisheries Act's Fish Stocks Provisions
regulations include a requirement to ensure major fish stocks are
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maintained at abundances that promote sustainability and, where
needed, to designate a rebuilding plan for stocks in the critical zone
within two years such that ‘the level of fishing permitted, if any, is
consistent with the intent of rebuilding the stock above the [Limit
Reference Point]’ (Government of Canada, 2022). Notably, the Fish
Stocks Provisions only applies to 30 stocks at present, 16 of which
are listed as below their Limit Reference Point (DFO, 2022b).

Given Canada's legal and political commitments, and broader in-
ternational targets (e.g., SDGs), we aim to empirically identify the
enabling conditions for the sustainable exploitation of Canadian
fish stocks. Specifically, we ask: (i) what ecological, social, and
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FIGURE 1 Health of fish stocks in Canada. Shown are stock statuses relative to: (a) total catch within each DFO management region,

(b) number of stocks by species group; region orb size proportional to total national catch and tonnage (x10° mt). Approximately 720,000 mt
of marine fish are caught every year in Canada with the largest catches coming from the Maritimes Region (218,000 mt), Newfoundland and
Labrador Region (148,000 mt) and Pacific Region (132,000 mt). Note: Most fish stocks are managed by staff at DFO regional offices adjacent
to the ocean area where they are fished (i.e., ‘'DFO Region’), but stocks included in the National Capital Region (NCR) jurisdiction are
managed by DFO staff from the department's headquarters in Ottawa (i.e., Canada's capital city and not a maritime area). Data: Schijns and
Rangeley (2022); as derived from DFO stock assessment and stock status reports. See Table S1 for biological definitions of stock statuses

used in this study.

institutional factors predict healthy stock status and (ii) what les-
sons can be learned from stocks performing better-than-expected
to improve fisheries management for depleted stocks? To answer
these questions, we gathered data for 230 fish stocks in Canada and

analysed them using a positive deviance approach.

1.2 | Applying a positive deviance framework

Positive deviance analysis originated in epidemiology and nutritional
science (Pascale et al., 2010) and is used to identify and learn from in-
dividuals, families, or communities who are healthier than expected
given their circumstances (often called ‘bright spots’ or ‘positive de-
viants') in large datasets. This methodology is especially useful for
complex applied challenges with interconnected factors - such as
those encountered in fisheries management - since it is founded on
the premise that unique behaviour and knowledge held by individu-
als within the system are the basis for deriving proven solutions.

Thus far, most positive deviance analyses have focused on address-
ing human health and international development problems (Marsh
et al., 2004), but they have since been extended to large-scale ma-
rine conservation challenges (Cinner et al., 2016; Simpfendorfer &
Dulvy, 2017). To our knowledge, our application of this approach is
the first for a country's commercial fisheries.

While there is no scarcity of literature on effective fisheries
management tools (e.g., Selig et al., 2017; Smith et al., 2000), as
well as limitations to their successful implementation (Beddington
et al.,, 2007; Cochrane, 1999), a fundamental challenge when dis-
cussing the enabling conditions for sustainable fishing can be the
inherently different governing regimes among countries. National
capacities for collating and analyzing fishery data as well as imple-
menting and enforcing effective and equitable fishing regulations
is highly variable across jurisdictions. Within Canada, all marine
fishing is subject to the requirements of the Fisheries Act and the
Sustainable Fisheries Framework (DFO, 2022c), which means all
DFO management strategies and decisions are guided by the same
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FIGURE 2 Positive deviance approach with application to Canadian fish stocks. We used a two-stage process to (1) model and identify
drivers of fish stock health and (2) investigate ‘deviants’ (outlier stocks) through expert feedback to better understand enabling conditions
for healthy stocks and better-then-expected outcomes. See Table S2 for model variables and sources (Step 1), Table S3 for list of bright,
middle, and dark spot stocks (n=237), and Tables S4 and S5 for survey (Step 5) and interview (Step 6) respondent demographics. Note: not
shown is that the health of removed stocks with ‘Uncertain’ status (Step 2) were also predicted using the drivers identified by the model (see
Section 2 and Supplementary Methods for full methodology and Table S9 for predictions).

laws and policies. Thus, by eliminating the analytical complexity in-
troduced by national differences in governance, we can better com-
pare aspects related to stock health. At the same time, since Canada
borders three different oceans - all of which have unique fishing
histories and ecosystems - we can still retain a large sample size
with diverse target species, fishing fleets, and regional management

dynamics.

2 | METHODS

This study features a mixed-methods approach combining quan-
titative data analyses and qualitative fishery expert surveys and
interviews. Our positive deviance analysis was conducted in two
stages (described in detail below and depicted in Figure 2). First,
we compiled known and quantifiable environmental, economic, and
institutional factors to determine the main drivers of stock health
in Canada. Using these variables, we then applied a generalized lin-
ear model to identify the key drivers of stock status (i.e., predicting
the average) and to identify outlier stocks that are performing bet-
ter (‘bright spots’) or worse (‘dark spots’) than expected given the
drivers they face. Third, we undertook case-specific investigation of
these outliers by soliciting expert feedback from fishers, fisheries
scientists, managers, and other knowledge holders. The goal was to
identify enabling conditions and existing solutions for the improved
management or rebuilding of Canadian fish stocks not currently in
the healthy zone. We also used our best performing model to pre-
dict the stock status of all 96 stocks with ‘Uncertain’ status. For this
auxiliary analysis, our goal was to provide a more complete picture
of fish stock health for Canada that includes all species caught by the

country's commercial fisheries.

2.1 | Identifying drivers of stock health
211 | Data

We used publicly available data from the 2022 Oceana Fishery
Audit (Schijns & Rangeley, 2022) as the source for our indicator of
fish stock health for 230 marine stocks in Canada. The Fishery Audit
classifies all stocks into one of four statuses: ‘Healthy’, ‘Cautious’,
‘Critical’, or ‘Uncertain’ based on current estimates of abundance
(Table S1). These statuses were amalgamated from available DFO
publications and thus reflect stock information published in of-

ficial government documents. The original report and associated

data are publicly available and can be downloaded from the Oceana
website (www.fisheryaudit.ca). The dataset also includes additional
information for the stocks that we used in our analysis (i.e., land-
ings, value, reference points, DFO Region, and at-sea monitoring);
see Supplementary Methods and Table S2 for more information on
these variables and all others mentioned in Section 2.1.2. Stocks
with ‘Uncertain’ status (n=96) were removed for the subsequent
part of our analysis, but their health status was later predicted given
their variables and the overarching drivers identified by the model
(see Section 2.1.2).

2.1.2 | Model

Ordinal multinomial generalized linear models were used to relate
stock health status to the set of identified covariates obtained
from additional sources: species trophic level, total annual value
(log transformed), number of reference points, DFO management
region, primary gear type, species inherent vulnerability to fishing,
eco-certification status of associated fisheries, and levels of at-sea
monitoring for the remaining 135 stocks (Table S2). A full model was
fit using all covariates then pruned with Akaike Information Criterion
(AIC) based model selection, noting that results and predictions
were not appreciably different when using the alternative Bayesian
Information Criterion. A measure of predicted climate vulnerability
from Boyce et al. (2022) was tested in a separate model with other
covariates for a subset of stocks but did not appear correlated with
stock health (see Supplementary Methods).

To generate deviants and their uncertainty, we bootstrapped
model predictions by randomly sampling the dataset with replace-
ment 10,000 times, refitting the model, and predicting status for
each bootstrapped fit. The ‘Healthy’, ‘Cautious’, and ‘Critical’, cat-
egories were converted to numeric values - 1, 2, and 3, respec-
tively - allowing us to take means and standard deviations of the
bootstrapped deviants. The polr function within the MASS library
(Venebles & Ripley, 2002) in R was used to fit the ordered multino-
mial models and make predictions. All code to perform analysis and
visualize results is linked in our Data Availability statement.

We were able to predict the status of the previously removed
‘Uncertain’ stocks since they had the same covariate information
available as other stocks (Table S2) but lacked a health status. These
predictions were performed with the best-fitting model structure
chosen via AIC as described above. The ‘predict’ function was used
with the MASS package in R to generate predictions using the fitted
model.
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2.1.3 | Cross-validation of ‘health’ status

We also re-ran the analysis with a subset of stocks (n=74) that
had quantitative biomass-based reference points obtained from
the RAM Legacy Stock Assessment Database (version 4.495) as a
means of verifying whether our results were robust to an alternative
measure of stock health. A similar modelling procedure as above was
applied to the RAM Legacy data; however, ordinary least squares
regression was used due the continuous B/B,,s, response variable.
We approximated By,s, as half the maximum historical biomass for
stocks that did not have an assessment-based By,q, estimate (54%).
When comparing these two datasets, we found high overall congru-
ence (Figure S1), which gave us confidence in the robustness and

wider applicability of our original, larger dataset.

214 | Selecting the deviants

To obtain our sample for the positive deviance analysis, the most
outlying bright and dark spots were chosen through visual inspec-
tion of positive and negative outliers in the model output. We identi-
fied roughly the same number of bright and dark spot stocks based
on stock deviation from the expected average. Stocks performing
as predicted were included as ‘middle’ spots to represent average
outcomes. This resulted in a total of 11 bright, 12 middle spots, and
14 dark spots for further investigation (Table S3).

2.2 | Positive deviance analysis
2.2.1 | Participant consent

As required by the Carleton University Research Ethics Board-A
for this study (Project #118966), informed consent from all partic-
ipants was obtained to access the survey and was again obtained
from all interviewees at the outset of each interview. The survey
was designed to be anonymous, and participants received no com-
pensation for their involvement in the study. All interviewees were

de-identified for analysis purposes.

2.2.2 | Survey distribution

Since the premise for learning from positive deviance analysis re-
lies on identifying unexpected behaviour and/or gaining knowl-
edge from those inside the study system, data collection for the
three groups of stocks focused on aspects of fishing and fisheries
management not captured through our original model. Therefore,
since our research focus was to understand better-than-expected
outcomes in Canadian fisheries, the survey was designed to solicit
expert feedback only for the 37 stocks identified in Section 2.1.4
as a means of teasing apart differences between bright spots rela-
tive to dark and middle spots. To ensure the data obtained from the

survey was not biased by stock outcome, a blind survey was used
(i.e., respondents were given a list of all 37 stocks, but they did not
know if the stock they chose to answer questions for was a bright,
dark, or middle spot).

Survey questions focused on the presence or absence of
factors related to effective fisheries governance including con-
flicts over access between different user groups (Charles, 1992;
Mitchell et al., 1984; Spijkers et al., 2018), trust between fishers and
decision-makers (Fleming et al., 2020; Holm & Soma, 2016; Temby
etal., 2015), local resource dependence for food and livelihood secu-
rity (Agorau, 2019), environmental non-governmental organization
(ENGO) and industry lobbying (Schiller et al., 2021, 2023), and inclu-
sion of different forms of knowledge in decision-making processes
(Cvitanovic et al., 2015; Hamelin et al., 2023; Johannes et al., 2008).
We additionally explored whether recent environmental changes
had affected stock health but might not have been captured at the
time of the most recent stock assessment.

The survey was made available online through Qualtrics XM. We
distributed the survey to DFO staff by using online government di-
rectories for scientists and managers associated with fisheries for
the 37 stocks. For fisheries co-managed with an Indigenous govern-
ment, we contacted the associated Nation's resource management
team. To obtain participation from non-governmental organisations,
we sent the survey to major Canadian fishing industry associations
and environmental NGOs involved in fisheries-related conservation.
We relied on a snowball approach and encouraged contacted indi-
viduals to share the survey with their networks.

From 120 surveys originally filled out, 42 were sufficiently com-
pleted and deemed usable in our analysis. Of these, 30 were com-
pletedin full (i.e., every question had a response), while the remaining
12 had enough information to be used for multiple analyses. The lack
of responses for some questions is likely because participants were
invited to leave a question blank if they preferred not to answer and/
or because they chose not to provide additional comments on open-
ended questions. A total of 19 surveys pertained to seven different
bright spots, 16 were for 11 different dark spots, and seven were for
five different middle spots (Table S3). Over 60% of respondents had
>20vyears of experience with the fishery for which they completed
the survey (Table S4). Please see Supporting Information for copy of

survey and details on analysis exclusions.

2.2.3 | Interviews

Fourteen survey respondents left contact information for a follow-
up interview, and, from this, nine people were still interested in par-
ticipating when contacted. Although we sought diverse perspectives
for this work, we were limited by the individuals who chose to leave
their contact information. For this reason, our interviews reflect the
perspectives of only DFO employees and fishing industry members
(Table S5). All interviews were conducted by LS over Zoom, were
audio recorded, and ranged in length from 30 to 45 minutes. Since
interviewees filled out the survey for different stocks, the interview
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was semi-structured based on the interviewee's original survey re-

sponses or comments.

2.2.4 | Comparative analysis between bright,
dark, and middle spots

All survey questions with presence/absence responses were con-
verted into numerical scores (i.e., ‘No'=0 and ‘Yes’'=1); ‘Unsure’ re-
sponses were considered ‘n/a’ and were not included in the analysis
since respondents self-identified as lacking the information. Answers
left blank were also not included. In cases where binary information
was contradictory across participant responses for the same stock,
a ‘1’ was assigned if 250% respondents perceived that factor as pre-
sent. All binary data were tested for significant differences between
bright, middle, and dark spots using a Fisher's exact test.

Questions that could be summarized as a count or percentage
were analyzed using single-factor ANOVA and Tukey's HSD post-
hoc test to test for differences among the three fishery groups. For
stocks that received more than one survey response, answers were
averaged, and all tests comparing relative percentages were arcsin
transformed before analysis. Due to the small sample size, inter-
views were not systematically coded and analysed. However, inter-
viewee information was used to provide context and examples in the

discussion as it relates to survey results.

3 | RESULTS
3.1 | Keydrivers of fish stock health in Canada

Six of nine tested drivers of stock health were retained after model
selection (Figure 3). There was a strong regional effect, with stocks
managed by DFO staff in the Pacific, Maritimes, and National Capital
Region offices healthier on average than those elsewhere (Figure 3a).
Fishing gear also had an effect, where more selective trap and line
fishing gears fared better than net gears, on average (Figure 3b).
Stocks with no annual catch at present also tended to be healthier
than fished stocks (Figure 3b). Although the differences were minor,
stocks fished by MSC-certified fishing companies were healthier
relative to others (Figure 3c). Counterintuitively, species with higher
inherent vulnerability to fishing correlated positively with healthy
stock status, as did stocks without target and limit reference points
(Figure 3d). Total economic value from the stock (CAD/year) was
also positively correlated with stock health (Figure 3d).

When singling out the deviants - stocks that defy expectations
- we find that a handful of shrimp (Pandalidae), cod (Gadidae), and
herring (Clupeidae) stocks disproportionally dominate both outlier
groups regardless of fishing region (Figure 3e; Table S3). We find
similar taxonomic concentration for middle spots: three of four
Atlantic stocks that fared as predicted were American lobster
(Homarus americanus, Nephropidae), and all eight middle spots on
the Pacific coast were rockfishes (Sebastidae). When looking across
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DFO management regions, we find that six bright spots came from
the Pacific, three from the Maritimes, and one each from the Gulf of
St. Lawrence and Newfoundland (Table S3).

3.2 | Investigation of bright, dark, and middle spots

Survey responses show that, on average, dark spot stocks have 3.2
+0.35 (out of four investigated) sources of fishing mortality to ac-
count for, which is higher than middle (x =2.3+0.84 sources) and
bright spots (x=2.1 +0.14 sources). The proportion of relevant
mortality sources accounted for in stock assessments did not sig-
nificantly differ between the groups, although we found better ac-
counting of mortality in bright spot fisheries (F2118:2.624, p=.099;
Figure 4a). The relative inclusion of non-governmental knowledge
sources (i.e., from commercial fishers, coastal communities, and
Indigenous communities) in stock assessments also did not signifi-
cantly differ across tested fisheries (F2y16=0.676, p=.52; Figure 4b).
The only stock perceived as lacking a systematic process for the
inclusion of any non-governmental information was Georgia Strait
East sidestripe shrimp (Pandalopsis dispar, Pandalidae; dark spot).
Overall, interviewee scores for trust were highly variable, but per-
ceived trust between DFO managers and fishers was highest in mid-
dle spot fisheries (x =6.0 +2.8 out of 10) followed by bright spots
(x =5.2 +2.8) and dark spots (x =4.2 +2.8) but there was no signifi-
cant difference between the groups (F2,16:O'733’ p=.50; Figure 4c).

The average number of external influences perceived to be af-
fecting management decisions for bright spot fisheries was lower
(x =0.84 +0.83 influences) compared to middle (x=2.8 +1.6 in-
fluences) and dark spots (x =1.5 +1.2 influences), but these differ-
ences were also not significant (F2y17:3.341, p=.060; Figure 4d).
When comparing the relative influence of different stakeholders
and rightsholders across the three groups, we found that manage-
ment decisions for seven of 11 dark spots (64%) had been influenced
by fishers and/or fisher associations in recent years, compared to
only one of five bright spots (3LNO yellowtail flounder; Limanda
ferruginea, Pleuronectidae) and three of five middle spots, but our
Fisher's Exact test found no significant difference between the
three groups (p=.38). The presence of perceived ENGO influence
was significantly different across groups (p=.032) yet perceived
presence of Indigenous rightsholders (p=.84) and academics were
not (p=.49). When looking at average presence in the representa-
tion of these different groups, we find notable differences between
them, with more balanced participation in bright spot fisheries, and
a greater perceived industry influence on decision-making in middle
and dark spot fisheries (Figure 4e).

Illegal and unregulated fishing was identified as a concern
in four dark spots, two middle spots, and one bright spot, but
these differences were not statistically significant (Figure 4f).
Perceived conflict between different fishery users was present
in one of five bright spots (Outside yelloweye rockfish; Sebastes
ruberrimus, Scorpaenidae) compared to all five middle spots six
of ten dark spots, resulting in a significant difference between
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FIGURE 3 Predicting mean stock health and deviants. (a-d) Significant predictors of fisheries health in Canada. Shown are mean
coefficients from the best-performing model, with 95% confidence intervals; (e) the bootstrapped deviation of Canadian stock health
relative to the mean, as predicted by our best performing model. Positive deviants (teal), middle spots that perform as predicted (pink) and
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the three groups (p=.042; Figure 4g). The same number of fish-
eries (six) were identified by survey respondents as having con-
flicts related to Indigenous and non-Indigenous fisher access as
for conflict related to inshore and offshore fleet disputes. One
stock, SFA 4 Northern shrimp (dark spot), was identified as suf-
fering from both challenges and, across all stocks, 4XVW herring
(dark spot) had the most different sources of conflict (Table S7).
External to access disputes within the fishing community, conflict
between ENGOs and industry members was identified for two
Pacific Region stocks (one middle and one bright), in part due to a
perceived lack of process and stakeholder engagement related to
proposed marine protected areas (MPAs) (Table S7). There were
no other statistically significant differences when comparing the
perceived economic and cultural value of bright, dark, and middle
spot fisheries (Figure 4h,i).

While recent changes in environmental conditions are perceived
to be impacting catches for over three-quarters of stocks in this
analysis, there was no significant difference when comparing be-
tween the groups (Figure 4j). Of the shifts observed, changing water
temperature was the most commonly identified (i.e., affecting 77%
of the stocks perceived to be affected by a changing environment),
followed by changes in seasons and weather patterns (62%), changes

in predation pressure (54%) and changes in food availability (15%);
two dark spot stocks were perceived to be impacted by all four of
these conditions (Table S8).

3.3 | Predicting ‘uncertain’ stock status

The 96 stocks with ‘Uncertain’ status account for roughly one-fifth
of all landings in Canada (Figure 1a). Using our best model (see
Section 2.1.2) to predict their health status from the same covari-
ates as other stocks, we found 38 stocks were predicted to be in the
healthy zone, with a further 24 in the cautious zone, and 34 in the
critical zone (Table S9). When ‘Uncertain’ predictions are combined
with the stocks of known status, the proportion of Canadian stocks
in the critical zone is estimated at 30.4%, the proportion in the cau-
tious zone is 25.2%, and the proportion in the healthy zone is 44.3%.
Based on the landed volume, these predictions also suggest that up-
ward of 70% of the total annual catch (mt) of Canadian seafood could
be coming from healthy stocks (B >0.8B,,q,).

Given the importance of DFO Region as a key driver in our model,
and because Newfoundland and Labrador had the most ‘Uncertain’
stocks initially (n=234), we find that 68% of all stocks predicted to
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FIGURE 4 Socio-economic and environmental differences across bright, dark, and middle spot fisheries. (a and b) Information included
in fishery stock assessments; (c-€) Relationship between DFO and fishery stakeholders/rightsholders in decision-making processes; (f and
g) Relationship between fishers; (h and i) Local value of fishery; (j) Ecosystem conditions within the last five years. (Note: a-d depict median
+ 1.5 IQR, n refers to the number of fisheries analyzed in each category, not the number of survey responses.) ENGO, Environmental non-

governmental organization.

be critical are from this region. In contrast, seven of nine ‘Uncertain’
stocks in the Maritimes Region were predicted to be healthy. For
taxonomic groups, we find that six of seven stocks of herring-like
fishes (i.e., Osmeridae and Clupidae) were predicted to be in critical
condition. The ‘Uncertain’ stocks of hagfish (Myxinidae; n=2) and
tuna (Scombridae; n=1) were all predicted to be in the healthy zone
and over half of ‘Uncertain’ crustacean (n=23) and elasmobranch

(n=16) stocks, respectively, were also predicted to be healthy.

4 | DISCUSSION
Here we adapted a positive deviance approach to better understand
ecological, socio-economic, and institutional drivers of fish stock
health in Canada. By focusing on outliers that are performing better
(or worse) than expected by their circumstances, we were able to
derive some of the enabling conditions for successful management
of exploited stocks in this country. The approach demonstrated here
could be easily replicated for fisheries elsewhere and may help in-
form key requirements and processes for effective management in-
terventions to overcome prevailing challenges.

As identified by our modelling approach, major drivers of stock
health specific to Canadaincluded differencesin management region,

fishing gear, eco-certification, and landed value. Species' inherent
fishing vulnerability and the presence of management reference
points had additional effects. Our expert survey further highlighted
that balanced stakeholder influence in decision-making, low conflict
over access within the fishery, and proper accounting of all mortality
sources lead to better-than-expected outcomes. Detailed interviews
further supported the importance of routine and standardized data
collection (in conjunction with regular stock assessments) as well as
effective catch monitoring. As we discuss in detail below, we find
that the Canadian government does have the capacity to implement
science-based management measures and state-of-the-art monitor-
ing programs, especially when industry members lend logistical and
financial support. At the same time, the people involved matter, and
we discuss how nuances in the relationships between stakeholders
and policymakers can affect regional fisheries governance, driving

both positive and negative outcomes.

4.1 | The necessity of reliable data

Although a greater proportion of healthy stocks have both upper
and limit reference points (86%) relative to cautious (63%) or
critical ones (67%), the effect of reference points in our model
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is negative after fishing gear and DFO Region are accounted for
(Figure 3d). This points to the fact that many stocks are not in the
healthy zone (i.e., B 20.8B,,.,) despite having reference points,
possibly due to the lack of an associated harvest strategy and/or
a lack of its implementation (Archibald et al., 2021a), or other fac-
tors impeding recovery. For example, we found differences in both
the number of mortality sources to account for in dark spot stocks
relative to bright spots, and the degree to which these sources
were included in stock assessments (Figure 4a). This outcome ex-
emplifies a key data challenge facing the effective management of
many fisheries worldwide (Pauly & Zeller, 2016) since incomplete
estimates of total removals can lead to biased assessments and
inaccurate projections of sustainable yield. In particular, unknown
quantities of bycatch of 4X5Yb Atlantic cod and 4X snow crab
(Chionoecetes opilio, Oregoniidae) were highlighted as a concern
for these dark spots (Table 1; Quotes 1-3), which suggests mortal-
ity of these species incurred by other commercial fisheries is not
fully accounted for in stock assessments.

Although at-sea monitoring was not identified as a driver of
stock status by our model, surveyed experts emphasized the im-
portance of catch verification for ensuring mortality estimates are
accurate. For example, in the case of dark spot 4VWX Atlantic her-
ring (Clupea harengus, Clupeidae), one interviewee mentioned how
efforts to improve dockside observer coverage were improving but,
until recently, there was limited observational data regarding its use
for bait (Table 1; Quote 4). By comparison, monitoring in the Pacific
Region's groundfish trawl fishery (which targets middle spot Pacific
Ocean perch; Sebastes alutus, Scorpaenidae) and the Pacific halibut
(Hippoglossus stenolepis, Pleuronectidae) hook-and-line fishery
(which has bycatch of bright spot yelloweye rockfish) was described
by Interviewee DFO-3 as ‘stringent’, with all vessels currently subject
to 100% observer coverage and dockside catch verification (Table 1,
Quote 5). Notably, industry covers all costs associated with observer
programs in these fleets which, since 2006, have been transitioning
to using electronic (e-) monitoring systems. Even for one fleet, cur-
rent e-monitoring costs are substantial (Table 1, Quote 6). Beyond
their value for data verification, Interviewee DFO-3 also highlighted
that using e-monitoring programs would eliminate fishery observer
harassment and assault, which are pervasive problems in Canadian
fisheries (Thompson, 2021, 2022).

The variation in monitoring effort across fleets identified here is
consistent with reports by The Auditor General of Canada in 1999
and 2016, both of which highlighted inconsistencies in levels of
coverage and reliability of DFO's observer programs (OAG, 2016).
Further, while DFO finalized a new Fishery Monitoring Policy in
2019 with a framework for providing consistent, timely, and accessi-
ble data, the Auditor General recently reported that the department
has not yet met the monitoring requirements set out by its own pol-
icy for any of the 156 stocks prioritized for application (OAG, 2023).
While OAG (2023) does not specify which stocks were prioritized
or evaluated, this outcome suggests that the robust e-monitoring
system in Pacific groundfish discussed above is indeed a positive
outlier, and could potentially serve as a model case to improve other

fisheries. We also found that in addition to fishery-dependent data,
respondents raised concerns over how some fishery-independent
data are collected and used by DFO in the case of two dark spots,
Georgia Strait East pink (Pandalus borealis and P. jordani, Pandalidae)
and sidestripe shrimp (Table 1, Quote 7-8). Again, these results are
consistent with OAG (2016), which found that DFO was not con-
ducting all scientific surveys it had planned for certain fisheries and,
therefore, the department could not properly classify the health sta-
tus of the associated stock. If fishers perceive economic uncertainty
due to data collection shortcomings, it can lead to a breakdown in
communication and trust between managers and industry. This may
partly explain why these two dark spots had the lowest trust score
between fishers and DFO in our study (i.e., 0/10).

In addition to shortcomings in catch monitoring and mortality
data, DFO currently lacks sufficient abundance data to determine
the health status of 42% of Canadian fish stocks (see Introduction).
Hence we used our best-fitting model to predict the status for
these ‘Uncertain’ stocks (Section 3.3, Table S9). A similar effort by
Schijns (2022) using an unrelated methodology yielded comparable
results overall (i.e., 41% Healthy, 29% Cautious, 25% Critical), but
with noticeable differences for individual stocks, relative to our pre-
dictions. This disparity may be due to differences in datasets (2021
vs. 2022 Fishery Audit data) and methodology, since the model pa-
rameters used by Schijns (2022) are based predominantly on species
life history. We suggest additional investigation into data-limited ap-
proaches for predicting stock health, but caution that such efforts
should not be viewed as a replacement for systematic data collection
and regular stock assessment for all Canadian fish stocks.

Obtaining solid baselines of abundance and fishing mortality
will be especially vital as Canadian fishing communities adapt to the
impacts of climate change. Although climate sensitivity was not re-
tained as a key driver of stock status in our model, survey responses
suggest that catches associated with many stocks - especially
dark spots - are changing in response to environmental conditions
(Table S8). In particular, the northwest Atlantic is predicted to be
among the fastest warming regions globally and, in combination
with insufficient management responses, sea surface temperature
changes have already been linked to the collapse of U.S. Atlantic cod
stocks adjacent to the Canadian border (Pershing et al., 2015). DFO
management documents recognize uncertainty around how climate
change will affect Canadian stocks (Boyce et al., 2021). Yet there are
few safeguards in place to account for this uncertainty and ensure
future productivity of stocks (Pepin et al., 2022), while maintaining
ecosystem-level resilience as environmental changes intensify (Frid
et al., 2023).

4.2 | Collaboration or conflict: industry influence
on management

We found significant differences in stock health among DFO
Regions (Figure 3a), which could be due to both environmental and
institutional factors. For example, the Pacific coast of Canada (top
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regional predictor of ‘Healthy’ stocks), has higher primary productiv-
ity compared to the Atlantic, a difference that would positively influ-
ence biomass, resilience, and recovery. Further, each DFO Region
has a unique exploitation history, with some groundfish stocks in the
Newfoundland Region (lowest predictor of healthy stocks) subject
to industrial-scale fishing pressure for decades to centuries longer
than most Pacific stocks. Stocks subject to prolonged, intense over-
fishing have slower and less predictable recovery times, independ-
ent of life history traits (Neubauer et al., 2013).

Under this broader umbrella of beneficial conditions for the
Pacific, it remains that the exploitation of marine life in Canada is
fundamentally linked to how DFO is structured, which also includes
the balance of power in relationships between managers and in-
dustry members, both currently and historically. Although DFO is
a federal department, their offices (and staff) are organized region-
ally. Over time, this has resulted in a siloed institutional structure
with limited communication and coordination between employ-
ees from different regions (Soomai, 2017). This disconnect may
partly explain the trust scores assigned by some industry members
(Table 1, Quote 9).

Although industry members and other non-governmental ac-
tors are perceived to be influencing the management of all stocks
in our study (Figure 4d), survey and interview results suggested
there are differences between how fishers and industry associ-
ations engage in bright vs. dark spot fisheries, and how external
stakeholder opinions are balanced with scientific assessments. Most
interviewees suggested that industry engagement is critical for a
variety of management-related activities, including obtaining accu-
rate catch and effort data through onboard monitoring programs,
assisting with stock assessment surveys, providing information on
potential no-take areas, and/or ensuring management measures
are consistent with real-world fishing conditions. This kind of col-
laboration and associated participatory decision-making with re-
source users - and their shared responsibility for ensuring stock
health - are in keeping with the aspirations of Canada's Sustainable
Fishery Framework (Stephenson et al., 2019), the revised Fisheries
Act (Hamelin et al., 2023) and observations on industry participa-
tion in some of world's smallest (Johannes et al., 2008) and largest
(Schiller et al., 2023) fisheries. Importantly, however, this type of
industry involvement should not be confused with industry inter-
ference (i.e., regulatory capture), which has been highlighted as a
concern in Canadian fisheries and aquaculture for decades (Godwin
et al., 2023).

We found that, on average, dark spot fisheries have the highest
relative influence of industry on decisions in recent years (Figure 4e).
When asked how industry input is weighed relative to DFO's scien-
tific advice for stocks in the Maritimes Region, Interviewee DFO-1
reiterated a long-standing challenge facing fisheries management
in Canada, ‘the science has a heavy weight usually but it's certainly
not the only consideration because DFO has a dual mandate: it's to
conserve stocks but also keep fishermen in jobs'. Noticeably, sub-
stantial economic investments and local employment were con-

sistently highlighted by survey respondents in the context of two
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dark spot shrimp stocks, both of which support large commercial
fisheries and regional processing facilities (Table 1, Quotes 10-11).
In addition to highlighting concerns over the economic implications
of reducing quotas, Newfoundland-based industry associations
have publicly criticized DFQ's stock assessment model and refer-
ence points for the SFA 6 stock (FFAW, 2019) and assessments of
at least three other Atlantic Ocean stocks currently in the critical
zone (Anonymous, 2023; Moore, 2023; Withers, 2019). These in-
teractions reflect a broader regional political landscape, where a
highly antagonistic relationship between the federal government,
the provincial government, and members of the fishing industry
(Bailey, 2015; Chase, 2003) is tied to repercussions of economic in-
security brought on by the cod collapse and associated moratorium
three decades ago (Thornhill-Verma, 2021).

At the same time, concerns over livelihood impacts were also
highlighted in our survey for the 4VWX Atlantic herring stock
(Table 1, Quote 12), which accounts for over 25% of the Maritimes
Region's commercial seafood landings. In 2022, members of the
herring industry independently proposed their own harvest strat-
egy (The Bay of Fundy Herring Industry, 2022) after being critical
of the peer-reviewed model used by DFO scientists and associ-
ated pathways for rebuilding (Table 1, Quote 13). Recent research
shows that 4VWX herring is one of only three Atlantic stocks (and
the only one in the critical zone) with more industry representa-
tives attending stock assessment meetings than DFO employees
(Hamelin et al., 2023). This example is similar to observations from
the Newfoundland and Labrador Region, where results of a recent
survey conducted by one of Canada's largest labour unions found
that one-third of DFO employees there have seen or experienced
interference by industry lobbyists regarding science-based work in
the last three years and that ‘actions taken by the Department [of
Fisheries and Oceans] have exhibited a pattern where this type of
interference with scientific work is commonplace’ (O'Brien, 2022).

Despite these examples, conflict between DFO employees and
industry is not universal and does not always lead to an impasse.
For example, in 2021, the Fisheries Minister implemented a scien-
tifically advised 10% reduction in the exploitation rate of Strait of
Georgia Pacific herring (bright spot) (DFO, 2021b), despite a highly
charged political atmosphere carried over from the previous year's
decision (Stanfield, 2020). Also in the Pacific Region, four inter-
viewees familiar with groundfish fisheries (which catch middle/
bright spot rockfishes and middle spot Pacific Ocean perch) noted
a predominantly respectful and collaborative relationship between
government employees and industry, even under challenging cir-
cumstances (Table 1, Quote 14). For example, in 2016, the halibut
hook-and-line fleet worked with DFO to address concerns over
yelloweye rockfish (bright spot) bycatch - and an associated 60%
quota reduction for this species - by changing their spatial footprint
to avoid areas with traditionally high yelloweye encounter rates
(Forrest et al., 2020). In this case, ‘fishermen were definitely listened
to and drove the solution...it was a very positive process for every-
body involved’ [Interviewee Industry-1]. Additional context for this
solutions-focused outlook for yelloweye was provided by one survey

85U8017 SUOLILLIOD BAEaID el jdde aup A peusenob afe sejone VO ‘8sN Jo Se|nJ Joj A%eiq)T8ulUO A8]IM UO (SUOTIPUOD-PUB-SULBY WO A8 | 1M AlRIq | BU1 [UO//:SANY) SUORIPUOD PUe SWB 1 84} 885 *[120Z/70/9T] Uo ARiqiT8uluO A8 1M ‘AISBAIUN ONUERY O [10UN0D AQ STSZT Y/TTTT 0T/I0pA0D A8 im ARIq1 Ul |UO//SdNY WO1) pepeolumod ‘€ ‘720z ‘6.62.97T



SCHILLER ET AL.

422 .
AV YA B A" FISH and FISHERIES =

respondent who wrote, ‘the entire commercial fishing industry on
Canada's Pacific coast is dependent on [the yelloweye] stock’ since
itis a “choke” species’ (Table 1, Quote 15; Boyes, 2018). Importantly,
tensions between DFO and fishers may arise especially where eco-
nomically valuable stocks have been depleted and in the critical zone
rather than during times when those fisheries are productive.

Lastly, we highlight that the only bright spot in the Newfoundland
Region - 3LNO vyellowtail flounder - is a transboundary stock
managed not by DFO but by the Northwest Atlantic Fisheries
Organization (NAFO) since 1977. Although Canada is currently allo-
cated ~40% of the total annual quota for this stock, NAFO is respon-
sible for conducting the stock assessment and NAFO member states
representatives agree on annual catch limits (which included a mor-
atorium on fishing from 1994 to 1997 due to concerns of overfish-
ing). Since the fishery was re-opened, annual quotas have been at or
below those recommended by NAFQO's science advisory team. This
stock has had reference points for two decades and, in 2012, DFO
developed a harvest strategy for 3LNO flounder within the Canadian
EEZ (DFO, 2021a). These management efforts are likely aided by the
fact that only one company (Ocean Choice International) fishes this
stock in Canadian waters, and they also voluntarily refrain from fish-
ing during spawning season for product quality reasons (Atkinson
et al., 2010).

4.3 | Fishery conflicts can be overcome with strong
leadership, good communication, and time

Meaningful and equitable co-management of fisheries between the
Canadian government and Indigenous communities has been slow
and sporadic (Swerdfager & Armitage, 2023) and navigating federal
Reconciliation commitments is challenging, even in bright spot fish-
eries (Table 1, Quote 16). Survey results show significantly higher
levels of conflict between Indigenous and non-Indigenous fishers
in dark and middle spot fisheries, which is consistent with recent
incidents of racism and violence in some Atlantic lobster fisheries
(middle spots) over resource access (Grant, 2021). Similarly, sur-
vey respondents identified conflict between Indigenous and non-
Indigenous fishers in SFA 4, a fishing area that borders Nunatsiavut
(a territory in Labrador governed by Inuit). The SFA 4 shrimp fishery
has a poorly defined allocation process where annual quotas are
distributed at the discretion of the Fisheries Minister (Kourantidou
et al., 2021). Power imbalances carried forward from Canada's co-
lonial origins play a substantial role in current conflicts in these
crustacean fisheries (Foley et al., 2017; Gaudet, 2022), and both situ-
ations are likely further compounded by the fact that Atlantic lob-
ster is by far the Maritimes Region's most valuable seafood export
(DFO, 2022a) and northern shrimp is perceived as the most valuable
species in Nunatsiavut (Foley et al., 2017).

While it is beyond the scope of this paper to debate the bene-
fits and shortcomings of individual transferable quotas (ITQs) as a
fisheries management approach (Branch, 2009; Chu, 2009), feed-
back from interviewees is consistent with research showing how

this allocation framework provided the right incentives for different
Pacific coast fleets to work collaboratively (Davis, 2008; Koolman
et al., 2007), especially in the context of addressing monitoring and
bycatch challenges (Edinger & Baek, 2015; Stanley et al., 2015). In
this regard, Interviewee Industry-3 suggested that at least one-fifth
of individuals still involved in the ITQ process today were there at
the outset of the process over three decades ago. Based on the
perceived outcomes of success associated with the ITQ allocation
framework and a solid history of overcoming disputes over time, this
individual also explained that emerging conflicts between the main
gears (e.g., trawl and hook-and-line) can now often be addressed at
the fleet level, with DFO serving a facilitation role (Table 1, Quote
17). These observations are consistent with the finding that social
capital and local leadership are important factors for effective fish-
eries co-management (Gutierrez et al., 2011).

Beyond a defined allocation system, incentives provided by
the market have also helped reduce conflict and improve relation-
ships between stakeholders in the Pacific Region. For example,
Interviewees Industry-4 and Industry-5 discussed how protec-
tion of a sensitive area of deepwater sponges and corals off the
coast of B.C. in 2015 was largely driven by the groundfish trawl
fleet's desire to obtain a ‘Best Choice’ (Green) rating from Seafood
Watch, the Monterey Bay Aquarium's sustainable seafood rec-
ommendation program. This incentive led to the BC Groundfish
Habitat Conservation agreement, a three-year collaboration be-
tween multiple environmental NGOs and industry members and
resulted in a trawl fishery area closure, the world's first habitat-
specific fishery quota, and the desired Seafood Watch rating
(Wallace et al., 2015). Importantly, a strong pre-requisite to this
type of collaboration was existing stability and cooperation within
fleets (Table 1, Quote 18).

4.4 | Mitigating bycatch and incentivizing
collaboration through eco-certification incentives

Results from our analysis show a slight positive relationship between
Marine Stewardship Council (MSC) eco-certification and target spe-
cies stock health (Figure 3d). For Canadian fisheries writ large, MSC
certification may provide benefits when it comes to timely science:
the average stock assessment age for stocks in our analysis with-
out MSC-certified fisheries was more than double that of those with
MSC-certified fisheries (i.e., 6.7 +4.2years vs. 3.1 +2.4years old).
Market recognition goals are even highlighted in the most recent
DFO management plan for 3LNO yellowtail, which states that the
push for MSC certification ‘resulted in an increased focus on the
development of [Precautionary Approach]-compliant frameworks,
including the establishment of reference points and harvest control
rules...resulting in an increased demand for management and scien-
tific capacity and capabilities’ (DFO, 2021a). This example highlights
certain benefits related to MSC certification, but also speaks to
capacity limitations at DFO, potentially regarding the MSC assess-
ment timeframe. Indeed, this challenge is in keeping with concerns
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raised in 2017, where researchers found that 60% of Canadian fish-
eries with MSC certification still had open conditions (i.e., required
improvements for re-certification) related to harvest control rules
and/or reference points (Arnold & Fuller, 2017). Today, such open
conditions remain for MSC-certified fisheries targeting the dark spot
stocks of SFA 4 and SFA 6 shrimp (Addison et al., 2022).

In addition to the push for harvest strategies, eco-certification in-
centives may also have helped incentivize regular data collection and
monitoring for bycatch species. For example, efforts to keep Atlantic
cod and witch flounder (3NO stocks) bycatch to 1% of total land-
ings were also met by the MSC-certified fishery for 3SLNO yellowtail
flounder (bright spot) through the implementation of a real-time by-
catch monitoring system and ‘move on’ procedure (Blyth-Skyrme &
Atkinson, 2014). Similarly, Interviewees Industry-5 and DFO-3 high-
lighted monitoring and bycatch mitigation efforts related to yellow-
eye rockfish (bright spot) were largely tied to the MSC-certification
of hake and halibut fisheries on the Pacific coast (Table 1, Quote 19).
Since yelloweye rockfish is listed on the Canadian Species At Risk Act
(SARA), it is considered an ‘Endangered, Threatened or Protected’
(ETP) species under the MSC assessment framework and therefore
requires additional controls within the target fishery (DeAlteris &
Trumble, 2019). Comparatively, two dark spots (canary rockfish and
Pacific cod), are also caught as bycatch in the MSC-certified Pacific
halibut fishery but they were not included in the most recent MSC
assessment for this fishery since they are not considered ETP, and
their landed volumes are too low to meet the 5% bycatch threshold
required by the MSC Standard.

4.5 | Study limitations

A key challenge we faced in the modelling component of our study
was the lack of abundance time series (or even timely health status
updates) for most stocks. Further, while a suite of over 100 poten-
tial indicators to measure Canadian fishery performance have been
identified (Stephenson et al., 2019), most of these are unavailable for
Canadian fisheries at the stock level. Thus, for our model, we were
required to select coarser ecological, socio-economic, and institu-
tional indicators that were available for all 230 stocks. Similarly, al-
though our base data source, the Fishery Audit, has been published
annually since 2017, the average stock assessment age for species
with a known status was 5.7 +4.1years. For example, the last sci-
entific report for our second most notable bright spot (Eastern
Component 4VW + 4Xmn pollock) was published by DFO in 2012
(Stone, 2012) and the most recent full stock assessment cited in
the 2022 Pacific shrimp trawl fishery management plan (Fisheries
and Oceans Canada, 2022) is also over a decade old (DFO, 2012).
This may in part explain some concerns raised by interviewees with
Pacific coast shrimp data collection processes and quota-setting.
Although this likely does not affect our model results (i.e., retained
drivers), this example highlights how a mismatch could occur when
it comes to how the current health of a stock is perceived by partici-
pants who completed the survey and/or interview.

) = 423
g wiLEy-L

We also highlight that the Fishery Audit dataset we used is more
comprehensive than the list of key fish stocks included in DFO's an-
nual Sustainability Survey for Fisheries (DFO, 2023). These differ-
ences are partly attributable to annual changes in which stocks are
included in DFO's definition of ‘key stock’, how stocks are defined
within the datasets (e.g., the DFO Sustainability Survey includes
‘Shrimp trawl’ as one stock, while the Fishery Audit breaks down
the various Pacific shrimp species caught by trawl into 12 different
stocks) and because of the taxonomic groups included (i.e., the DFO
Survey includes marine mammals and salmonids, while the Fishery
Audit does not) (ECCC, 2023). Still, eighteen of 25 bright and dark
deviants are not included on the DFO list and only seven of 12 mid-
dle spots investigated in our study are also included in the DFO list
of key stocks. These differences may partly explain the lack of at-
tention given to some stocks in the survey portion of our study, as
half of the stocks lacking responses were not included on the DFO
Survey list. In general, this also presents a concern in the Canadian
government's approach fisheries management, especially in the con-
text of non-target species, many of which are currently subject to
limited oversight despite their underperforming health status (see
‘Bycatch’ in Figure 3b).

Regarding the expert feedback components of our study, sur-
vey participants had to be knowledgeable of one of the 37 stocks
identified as a bright, dark, or middle spot. This focus on deviant
stocks inherent in our methodology reduced the number and di-
versity of respondents that could contribute to this work. While
we did control for participant biases related to stock outcome
by using a blind survey, any personal biases or beliefs held by re-
spondents associated with fisheries for these stocks may affect
our study. At the same time, we could not utilize the perspectives
and knowledge held by individuals familiar with stocks not inves-
tigated here or individuals who did not receive our survey. For the
associated analyses, our research question and the sample size of
survey participants necessitated grouping survey responses by
stock type rather than by respondent demographics, which meant
that all perspectives were weighed equally and not differentiated
by affiliation. Unfortunately, some stocks received few survey re-
sponses, which is why we pooled responses across stocks within
an outlier group. While there were observable differences be-
tween dark, middle, and bright spots (Figure 4), the small sample
sizes likely also limited our ability to detect statistical significance
across the three fishery groups. Future research using this ap-
proach will always be dependent on the sample size and composi-
tion of outliers, as well as how many people choose to participate,
but efforts to reduce potential biases and increase diversity could
include a more comprehensive and targeted recruitment process

and/or a longer timeframe for soliciting feedback.

5 | CONCLUSIONS

We found that positive deviants in Canadian fish stock health are
subject to more robust data collection and monitoring processes
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when compared to their negative counterparts. Additionally, pro-
active sustainability incentives (including market-based programs)
combined with constructive relationships between government and
industry lead to better-than-expected outcomes. We further found
some evidence of regional conflict between DFO scientists, manag-
ers, and fishery stakeholders and that entrenched regional power
dynamics and interference by industry members may have enabled
the exploitation of legislative shortcomings. This appeared especially
true for stocks of high economic value that are currently overfished.

Beyond re-iterating the value of implementing existing reference
points and harvest control rules, our results also suggest that one
solution to remedy identified data gaps in Canadian fisheries (and
associated conflict over stock assessment projections) is 100% elec-
tronic observer coverage. As discussed in Section 4.1, this appears es-
pecially valuable for fisheries with targeted and/or incidental catches
of stocks in the critical zone, and this effort would also be in keeping
with recent recommendations by the Auditor General of Canada re-
lated to at-sea and dockside monitoring (OAG, 2023). In addition to
information required by DFO scientists for their work, one of the key
challenges we faced in this study was the lack of a centralized data
platform for Canadian fisheries. This finding is again consistent with
the OAG (2023) suggestion that DFO must work towards amalgamat-
ing stock-level information into a national database; here we suggest
the publicly facing ‘StockSMART’ platform used by NOAA (https://
apps-st.fisheries.noaa.gov/stocksmart) as a model.

In addition to these technical solutions, improved leadership
and conflict resolution, as well as balanced decision-making in-
fluence across diverse stakeholder and rightsholder groups all
appear important in driving Canadian fisheries towards better
outcomes. Overcoming longstanding conflicts and power imbal-
ances can be challenging, however, especially under resource scar-
city and in times of rapid environmental change. Similarly, other
researchers have highlighted the importance of transitioning to a
more comprehensive and inclusive approach to fisheries gover-
nance (Bennett et al., 2018; Stephenson et al., 2019). For exam-
ple, the pairing of traditional western approaches with Indigenous
knowledges and principles can unite historically polarized groups
to act on a common objective (Reid et al., 2021). Such a pluralistic
approach to fisheries management can improve existing policies
(Ban et al., 2018) and bolster ecosystem stability and resilience
(Frid et al., 2023).

In closing, we emphasize the benefits of using a mixed-methods
positive deviance approach to identify enabling conditions of fish
stock health. Notably, our findings are consistent with longstanding
views regarding the importance of both good data and strong incen-
tives for collaboration (Grafton et al., 2006; Gutierrez et al., 2011;
Lubchenco et al., 2016), and recent work highlighting the addi-
tional importance of diverse stakeholder inclusion and manage-
ment frameworks that balance conservation and economic agendas
(Bundy et al., 2017). By taking a systematic approach focused on
better-than expected outcomes, positive deviance analysis elimi-
nates the subjectivity associated with selecting which fisheries to
compare in an analysis and unlocks the rich information that may be

contained in unexpected outliers. As such, this methodology may
be especially useful for investigating understudied fisheries, or to
identify unknown barriers to sustainability in countries that are un-
derperforming relative to international standards. It is our hope that
this interdisciplinary approach will be taken up and expanded on by
others to provide deeper insights into processes and solutions that
are required to transform unsustainable fisheries into ecologically

and socio-economically thriving ones.
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